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Fiddler crabs of the species Uca pugilator have the most extensive continuous

geographic range of the several species of I'ca to he found in the United States.

From the northern limit of their range. Cape God, Massachusetts, they occur along
the east coast to the tip of Florida, along the west coast of Florida, and extend west-

ward on the Gulf coast to Texas (Crane, 1975). Crabs of the genus Uca reproduce

throughout the year in the tropics, but in temperate regions the breeding season is

restricted to a much shorter period. Crane (1975) reported a breeding season of

about two months (end of May to early August) for U. pugilator on Cape Cod.

Salmon and Astaides (1968) reported field observations of courtship activity at

Beaufort, North Carolina, where crabs were seen on the beach in early March,

but courtship activity was first observed in early April and continued until late

August. Herrnkind (1968) stated that approximately 10% of females in burrows

were eggbearing in April, and from May to October nearly all females were oviger-

ous. These latter observations were presumably made near Miami, Florida. Thus,

it would appear that northern extension of the range of this species is accompanied

by increasing restriction of the breeding season.

Adiyodi and Adiyodi ( 1
(

>70, 1974) have emphasized the generally antagonistic

relationship between reproduction and molting. In addition to a regulatory system

channeling stored materials either into somatic growth or vitellogenesis, inhibition

of molt during egg incubation is required in female decapods. The basic pattern

of hormonal regulation of molt has been extensively studied and involves a molt

inhibiting hormone (MIH) produced by the X-organ-sinus gland complex and a

molting hormone (MH) produced by the Y-organs (Passano, 1960). The hor-

monal regulation of reproduction is less well understood and the interrelations be-

tween molt and reproduction still less so.

Among brachyurans that have been studied, it is not uncommon to find species

that spawn more than once in an intermolt. Gomez and Nayar (1965) studied

Panitelphusa hvdrodroinons. which has a breeding season restricted to the months

March to September. Up to three spawnings occur within a single intermolt, and

there is usually a single molt per year. Each vitellogenesis appears to occur in two

phases, an initial slow phase, and a terminal rapid one, culminating in oviposition.

Adiyodi (= Gomez) (1968) reported that unilateral eyestalk removal does not

stimulate ovarian development in December (prior to vitellogenesis) but does

stimulate it during January when slow vitellogenesis is occurring. Implants of

thoracic ganglia or brain stimulate ovarian maturation during slow vitellogenesis.

An ovary stimulating hormone (OSH) is postulated to be produced in the central

"ervous system.

Ryan (1965) described the pattern for Porliinns sangnhwlcntits as nonseasonal

iOth for molt and spawning, but with a relatively fixed interval (about 60 days)
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between molt and first spawning-. Thereafter, the intervals between spawnings, of

which there are two more in the same intermolt, are 30 to 40 days each.

Cheung (1969) reported on the molting and spawning pattern for Menippc
mercenaria. The study involved animals maintained in the laboratory for periods
of more than a year as well as freshly collected crabs. Cheung noted that there

appeared to be no difference between the two categories with respect to molt or

spawning. Spawning was seasonal, peaking in August and September, dropping

rapidly in October and remaining very low from November through April. Molts

occurred less frequently than spawnings and with less regularity. About half

occurred between November and January 31 and thus coincided with low frequency
of spawning. However, the other half of the molts were scattered irregularly

through the rest of the year. This crab spawns several times in one intermolt with

apparently no fixed intervals between molt and first spawning or between sub-

sequent spawnings. Cheung also studied the effect of destalking at various times of

year. The results were somewhat ambiguous : molt alone was induced in ovigerous
crabs destalked at the end of August and in nonovigers destalked in November ; dur-

ing these same times, molt followed by one or more spawnings was also induced

by the operation. Crabs destalked in March when controls molted had the molt

accelerated. Spawning alone (i.e., not preceded by molt) occurred in practically

all of a group destalked in mid-September, and there were no intact controls for

this experiment. Cheung concluded that a number of factors operate to modify the

results of destalking, including light, temperature, and salinity.

Bomirski and Klek (1974) described reproduction in Rkithropanopeus Jiarrlsii

in which spawning is restricted to June through August. The reproductive season

ends with a molt, following which vitellogenesis proceeds at a slow rate through
the winter, reaching completion at first spawning of the next year. In the early part

of the breeding season, vitellogenesis accompanies incubation of eggs, and spawn-

ing immediately follows hatching. In the latter half of the season no vitellogenesis

occurs until after the ecdysis that terminates the season. During the slow vitel-

logenesis in autumn, destalking stimulates ovarian development; during rapid vitel-

logenesis in summer and during the resting period in late summer, destalking pro-

duces little, if any, stimulation.

Brown and Jones (1949) showed that removal of eyestalks from (Ya pitt/ilator

induced ovarian growth and that implantation of sinus glands prevented such

growth in destalked crabs. Their experiments were carried out between July 10

and August 12 at Woods Hole, Massachusetts, and therefore would have been in

the latter part of the breeding season, as reported by Crane. Brown and Jones

found that only 7 out of 31 controls showed mature ovaries as judged by color, and

that no controls laid eggs during the experimental period. They do not mention

any molts that may have occurred. Guyselman (1953), also working at Woods

Hole, reported destalking females on July 2S ; all molted between 5 and 21 days

after destalking. He noted that molting in the controls was of very low frequency

during the study. Abramowitz and Abramowitz (1940) reported destalking f.V</

pitgilator during the summer at Woods Hole and thereby stimulating molt. They
also stated that the crabs breed in September. However, there is some question

about the immediate relevance of this report, since both the photographs and the

description suggest that they were using U. pnc/na.v rather than U. pitt/ilafor.

As Bomirski and Klek (1974) have pointed out, because the response of female
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crabs to eyestalk removal may vary with the species, age, and time of year, experi-
ments on the role of OSHmust be coupled with examination of the reproductive

cycle. In addition, since the interrelations of molting and reproduction also vary
from species to species, the molting cycle must be considered in any study of repro-
duction.

This study deals with ovarian development and ecdysis in intact crabs and the

response to eyestalk removal during the period from September through May for

l
:

. puyilator from Florida.

MATERIALS AND METHODS

The crabs used in these experiments were obtained from the Gulf Specimen Co.,

Panacea, Florida. Shipments were received on the following elates: January 13,

February 25, April 15. September 15, October 27, and December 31, 1976. The
shipments of September, October, and April consisted of freshly collected crabs.

The other shipments were of crabs that had been kept in holding tanks from early
to mid-November. The holding tanks contained three to four feet of sand in which
the crabs made burrows, and the water supply was the local sea water. After

arrival at Towson, Maryland, control and experimental crabs were kept in trans-

parent plastic containers with a small amount of artificial sea water (Instant Ocean).
Food (pieces of lettuce or spinach) was placed in the containers two to three times

a week, at which time the water was changed. During experimental periods crabs

were examined daily for ecdysis, and when the first molt occurred, all crabs were
isolated and maintained in small finger bowls until they were sacrificed.

Eyestalks were removed by cutting through the flexible membrane at the base,

using a scalpel and without cautery. Illumination conditions of three kinds were
used: natural illumination (with uncontrolled temperature), constant illumination,

and 10L:14D. For the latter two conditions the light intensity was about 40 ft.-c,

and temperature was constant at 23 C. Since the effects of photoperiod, if any,
were very small compared with the effects of destalking for the processes discussed

in this report, the results from all photoperiods are combined. In all periods, at

least two of the illumination conditions were studied simultaneously.
The period of observation varied from a maximum of 30 days to 12-15 days,

the shorter periods being made necessary when there was a high incidence of mor-

tality. In general mortality was low (< 10%) and occurred within 24 hours of

eyestalk removal, in which case death was attributed to the surgical procedure.
The experimental design called for examination of ovaries at 10, 20, and 30 days.

However, when animals died, they were autopsied. and matching controls were

sacrificed. All ovarian weights obtained eight days or more after destalking are

included in this report.

Carapace width (C\V) and weight of experimental and control crabs were

recorded just prior to dissections. The carapace was removed and, on the stage
of the dissecting microscope, the ovaries were dissected out and placed in sea water.

Any extra-ovarian tissue was removed, and the ovaries were transferred to a pre-

viously tared plastic weighing dish. Excess water was blotted up with filter paper
and the ovaries were weighed on a Mettler analytical balance. Weights were re-

ded to the nearest tenth of a milligram. A record was made of the color of the

ovaries.
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FIGURE 1. Mean ovarian weights (A) and frequency of molt (B) for intact crabs as a

function of time of year. Open circles represent nonovigers ;
solid circles, April ovigers.

For most experiments the animals used were between 14 and 16 mmCW. In a

few experiments some crabs were included that were up to 19 mmor as small as 12

mmCW. In no case, however, did the mean CWfor any group exceed 16 mmor

fall below 14 mm.

RESULTS

Intact crabs

The mean ovarian weights for control crabs in each of the experimental periods
are presented in Figure 1A. Although, for reasons that will become obvious, it
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would not be appropriate to ascribe standard errors of the mean to some points, the

curve as a whole indicates a systematic change throughout the year. Ovarian

weights decrease from September through December. They begin to increase in

January, are well advanced in March, and when egg-laying occurs in a part of the

population in April, a considerable decrease in mean weights would be recorded if

the crabs were treated as a single population. Approximately 30% of the crabs

received April 15 were ovigerous on arrival or laid eggs within the next week.

In the rest of the population at that time, 50 to 6Q%had ovaries that weighed less

than 30 mg. thus being below the weights at which egg-laying would be expected to

occur. The crabs that were ovigerous in April did not mature another set of eggs

during the next month and a half. As will be discussed later, there is evidence that

these post-ovigerous crabs undergo molt prior to any further reproductive activity.

Gonadal indices (percentage of wet body weight represented by ovaries) for the

experimental periods, together with the variance, number of animals used, and

mean CW, are presented in Table I. The gonadal index, like the ovarian weight,

reaches a minimum in December and thereafter increases to maximal values in

March and April. Mean C\Y for control crabs ranges from 14.0 mmin December

to 15.6 mmin February.
The relative frequency distributions in ovarian weight classes for four groups

of crabs are shown in Figure 2A and B. The distributions in Figure 2A are for

crabs received February 25. and for nonovigerous crabs received April 15. Both

groups represent crabs with near maximum ovarian weights and gonadal indices.

There is no single class with as much as 30 (

/o of the total number examined, and

each of the three to four smallest weight classes contain about the same frequencies.

The occupied classes extend up to 130-139.9 mg. Neither of the distributions in

Figure 2A represents a "normal" distribution; they obviously come from a highly

heterogeneous assemblage to which the application of conventional statistics is not

meaningful.
The distributions in Figure 2B, for crabs received January 13 and for the oviger-

ous crabs received April 15, are quite different. These distributions are character-

ized by a high frequency in the smallest weight class (0 to 9.9 mg), a rapid drop

TABU; I

Gonadul indices (penciling- of ice I body wight represented by ovaries), variance (s-), nun/her of

animals used (N) and mean rant /HUT width (CU')for the experimental periods.
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OVARIAN WEIGHT (MG)

FIGURE 2. Frequency distributions by weight classes for crab ovaries : A, open circles, con-

trols from February 25 shipment; solid circles, nonovigerous controls from April 15 shipment:

B, open circles controls from January 13 shipment ; solid circles, ovigerous controls from April
15 shipment; C, destalked from February 25 shipment; open circles 10L:14D; solid circles LL

;

and D, open circles, destalked from January 13 shipment ; solid circles, destalked ovigerous from

April 15 shipment.

with increasing weights, rind no ovaries weighing above 60 nig. This represents a

fairly normal J-shaped distribution. The crabs from the January shipment had

ovaries in higher weight classes than those attained by ovigers in the April ship-

ment. The distributions for crabs observed throughout the autumn are shown in

Table II and are essentially like those illustrated in Figure 2B. The clustering in

the smallest weight class was slightly more exaggerated in September, October and

November, while in December 100% of the ovaries weighed less than 10 mg.
Three color classes are readily distinguishable on visual examination of the

ovaries: purple, the color of mature ova, orange, infrequently present in control

crabs, and colorless, characteristic of immature ovaries. The relative frequencies of

occurrence of the three color classes for September through May are seen in Table

III. It is apparent that the proportion of colorless ovaries in intact crabs is maximal

from September through December. The proportion drops in January when the

proportion of purple begins to increase. There follow precipitous drops in the pro-

portion of colorless ovaries through March for all crabs and into April for non-

ovigers. For those that oviposited in mid-April, the proportion of colorless ovaries

abruptly increases. For intact crabs the orange color occurs with maximum fre-

quency (22%) in March and April.

The relative frequencies of molting in intact crabs are shown in Figure IB.

During September and October there were practically no molts, the frequency rose
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TABLE II

Distributions for crabs observed throughout the autumn.

Observation
dates
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Effects of eyestalk removal

The effect of destalking on mean ovarian weights, expressed as differences from
the controls, is shown in Figure 3A. Clearly the maximum effect is obtained in

January, thus coinciding with very early ovarian maturation. The ovarian weights
of destalked crabs are significantly different from those of the controls for September
through January and again in April and May for ovigers, as judged by Student's

/-test (P < 0.05).
In Table I are seen the gonadal indices, variances, and C\Y for destalked crabs.

The CWranges from 14.6 mm(September and December) to 16.0 mm(January).
The gonadal index is higher than that for intact animals in all months and reaches

its lowest value in December. The differences between gonadal index of intact and
destalked crabs show the same general pattern as that shown by differences in

ovarian weights.
Relative frequency distributions by weight classes for destalked crabs are shown

in Figure 2C and D. The distributions in Figure 2C are for crabs received Feb-

ruary 25. Those in Figure 2D are for crabs received January 13 and for the

ovigerous crabs received April 15. Comparison with the control crabs for the same

periods (Fig. 2A, B) reveals that following destalking there is a sharp reduction

in the proportion of ovaries occupying the smallest weight class. The distributions

for September through January are seen in Table II. The initiation of growth in

originally immature ovaries is a consistent effect of destalking with variations related

only to the proportions of completely immature ovaries found in the controls. The

greatest change in distribution is seen in January (Table II ) when destalked crabs

show a distribution approaching in heterogeneity that seen for intact crabs in Feb-

ruary and March.

One of the most conspicuous differences between ovaries of destalked and those

of intact crabs is the increase in frequency of orange color in the former. The high-
est frequency occurs in the post-breeding months when no orange ovaries are found

in the controls (Table III). The lowest frequency of orange in destalked crabs is

found in lanuary when the greatest weight increase occurs. At this time also the

destalked crabs achieved the highest proportions of the purple color that character-

izes the mature ovaries of intact crabs. In February and March, while mean ovarian

weights still exceeded those of intact crabs, the proportion of purple ovaries actually

decreased relative to the controls.

The frequencies of molting in destalked crabs relative to the controls are pre-

sented in Figure 3B. Maximum effectiveness in inducing molt occurs in September
at a time when molt frequency is low in the controls (Fig. IB), and again in April

and early May for ovigerous crabs when no controls molted. In November, when

34% of the controls molted, there were slightly fewer destalked crabs that molted

(27%}. In late May both destalked post-ovigerous crabs and their controls molted

at a frequency of about 42%.

Although there was no great difference between controls and destalked crabs

with respect to survival, there were two times during this study when mortality

was high for both groups. One time was in December and the other was in late

May. Both are times when controls were undergoing ecdysis during the experi-

mental period. In these cases the deaths occurred in ecdysis or just prior to ecdysis
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FIGURE 3. A, change in ovarian weights following eyestalk removal, expressed as differ-

ence from controls, as a function of time of year; and B, change in molt frequency following eye-
stalk removal, expressed as difference from controls, as a function of time of year. Open circles

represent nonovigers ;
solid circle, April ovigers.

as revealed l>v autopsy. During the other times of year ecdysis was generally suc-

cessful both for destalked and intact crabs.

Egg-laying was infrequent in the laboratory except during the period immedi-

ately following April 15. The earliest laying by intact crabs occurred in late March
when two crabs laid eggs. For destalked crabs, one crab laid eggs 16 days after

destalking in January, and one did so 18 days after destalking in February. Four
destalked crabs oviposited in March at intervals of from 20 to 23 days after destalk-

i It was during this same four-day period that the intact crabs oviposited. No
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TABLE IV

Occurrence of molt in cxpcriiiicHtul periods.
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with the report of Herrnkind (1968) with respect to the beginning of active repro-
duction in Florida. However, the finding in this study that April ovigers molted
before any further ovarian development occurred, as well as the absence of ovigers
and of crabs with mature ovaries in September and October are inconsistent with
Herrnkind's report of practically all females being in berry from May to October.

Such a situation would imply that the crabs mature eggs while carrying one clutch

and oviposit immediately after hatching. While it is possible that in autumn oviger-
ous females were absent from the collection but that some were present in the field,

it is obvious that there were large numbers of nonovigerous females available for

collection. Most of the crabs examined in this study for which the date of oviposi-
tion was known and which were examined within a week or ten days were found
to have a few large purple or orange ova visible in the ovary. Only a very few of

the crabs examined from the September or October shipments showed any evidence

of recent oviposition. Since no observations were made between May 30 and Sep-
tember 15, it is not possible to say whether a molt follows each hatching that occurs

throughout the summer. However, if the crabs received in September had been

ovigerous as late as the end of August, it seems likely that the molt following the last

oviposition of the season is delayed until November or December.
On the basis of the observations presented here, it appears that the active breed-

ing season for crabs in Panacea begins in April and has concluded by mid-Septem-
ber. The crabs that oviposit in April represent about 30% of the population, and

they molt in late May. Another third would be ready to oviposit by early May and
the final third by late May or early June. The presence of ovigers at all times from

April through August could be accounted for by a repetition of the sequence of ovi-

position-hatching-molt with the first ovigers of the season having completed their

second vitellogenesis by mid or late June. Given such a pattern, a compression of

the breeding season could be achieved by increased synchronization of ovarian

maturation together with reduction in the number of times the sequence is repeated.
A factor contributing to synchronization of the first oviposition at the northern

limits of the range for U. pncjilator might be the restraint placed on early vitel-

logenesis by low temperature.
The significance of the orange color in the ovaries is not clear. The normal

purple color of mature ovaries of this species is that of a caroteno-lipoprotein which

has been partially characterized by Wallace, Walker and Hauschka (1967). Ab-

sorption in the range of visible light is a function of solvent conditions, and the

original purple color is readily changed to orange by a variety of factors, including

pH. The alteration of color need not involve major structural change in the lipopro-

tein. Thus, the appearance of the orange color need not imply change in the syn-

thetic pathway but may simply reflect general metabolic changes induced by eye-

stalk removal. Since the maximum development of the orange color in destalked

crabs occurs when mean ovarian weights are decreasing in the controls, and min-

imally when they begin to increase, it is possible that the differences are related

to varying amounts of ovary-stimulating hormone. For the destalked animals the

relative frequencies of orange and purple in January approximate those seen for

intact crabs in March and early April. January was also the time when the weight

Distributions for ovaries of destalked crabs were most different from those of their

,rols, and came to resemble the March distributions for intact crabs. Thus, in
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January many crabs appeared to undergo a more complete vitellogenesis as a result

of destalking than had occurred in the preceding months.
The effectiveness of destalking in inducing molt can be considered in terms of

both increased frequency of molt relative to controls and the time required for molt
to occur after the operation. Passano (1953) concluded that if molt occurred

within ten days after eyestalk removal, the crab was in premolt when the operation
was performed and molt could not be attributed to removal of eyestalk MIH. In

this study the only experiment in which most of the molts occurred within ten days
was that begun May 15, in which post-ovigerous crabs were destalked and 42%
of both controls and destalked molted within ten days. In the other two periods
when enough controls molted to make a comparison useful ( November and Decem-

ber) both controls and experimentals were undergoing ecdysis at approximately the

same time (Table IV). In neither of these two months does there seem to have

been any effect of destalking so far as molt is concerned. On the other hand, for

those months in which destalking did induce molt, there are variations in the time

required for molt to occur. The median days of molt for January and March were

days 21 and 22 after eyestalk removal, while for late April the median day is clay 15.

Very few controls molted in any of these months. This suggests that, although
MIH is present in intact crabs in all three periods, the crabs destalked in April
were closer to molt than were those destalked in January or March.

The assistance of the following students of Goucher College is gratefully

acknowledged : K. Ballantine, K. Cole, J. Evans and T. Ramos.

SUMMARY

1. The condition of the ovaries of intact and eyestalkless Uca piigilatpr from

Florida was examined throughout the period from mid-September to the end of

May. The frequency of molt for the animals was also observed.

2. Ovarian weights for intact crabs decreased from September to December and

began to increase in January. The increase did not occur uniformly throughout the

population, and by March all stages of maturation were present. First oviposition

occurred in April, involving about 30% of the females. No oviposition occurred as

late as mid-September.
3. Crabs that oviposited in April did not exhibit further vitellogenesis prior to

molt which occurred in late May. A high frequency of molting again occurred in

intact crabs in November and December.

4. Removal of eyestalks led to initiation of vitellogenesis in immature ovaries

at all times tested and also appeared to increase the rate of vitellogenesis in already

maturing ovaries.

5. Removal of eyestalks increased the frequency of molt maximally in September
and late April and caused no increase in November and December or for post-

ovigers in late May.
6. The pattern of reproduction and molt for this species in the months studied

appears to consist of the following sequence: vitellogenesis-oviposition-incubation-

hatching-molt. The breeding season could be extended by repetitions of the se-

quence or compressed by increasing the degree of synchronization.
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